The study was conducted to determine the influences of carbon sources (sucrose, glucose, fructose, mannitol and sorbitol) on multiplication and rooting medium of strawberry Elsanta cv. The sugar cources were compared at a relatively wide range of concentrations (10, 30, 50, 70, and 90g l -1 ). There was a clear effect of sugar type and concentrations on the shoot multiplication rate. For each sugar added, the highest number of shoots was formed at concentration of 30g l , respectively. Along with increasing sugar concentration, the height and fresh weight of shoots is reduced. Sucrose and glucose resulted in the greatest rate of proliferation, while the total number of shoots was lowest when the medium was supplemented with mannitol or sorbitol. On a rooting medium supplied with 10-90 g l -1 of mannitol or sorbitol, the explants did not grow, and subsequently they died after 2-3 weeks. In addition, there were no significant differences between glucose, fructose, and sucrose in the rooting percent, number of roots, number of leaves, and plantlet height, except in root length which showed some significant differences between these carbon sources. In contrast, there were significant differences between the concentrations of these carbon sources. The best rooting response of strawberry occurred on concentrations of 30, 50, and 70 g l -1
INTRODUCTION
The cultivated strawberry (Fragaria X ananassa Duch.), a hybrid between the Scarlet or Virginia strawberry (F. virginiana Duch.) and pistillatet South American (F.chiloensis L. Duch), is an octoploid (2n=8x= 56), a member of the Rosaceae, and the most important soft fruit worldwide (Jiajun et al., 2005; Debnath and Teixeira, 2007) .
Large-scale commercial propagation by in vitro techniques has been used widely in the strawberry industry. The success of plant tissue culture is highly influenced by the growth regulators and nutrition supplied in the media. The media used for tissue culture of orchids are generally high in salt, mineral, vitamins, growth regulators and water (Murdad et al., 2010) .
Another important component in plant tissue culture media is the carbon source because they supply energy -2-to the plants especially when they are not ready to photosynthesize their own food during the early stage of tissue culture (Al-Khateeb, 2008) . It is we known that a carbohydrate supply is required for plant cell, tissue and organ culture in order to satisfy energy demand (George, 1993; Karhu, 1997; Vespasiano and Wagner, 2003) , and they act also as osmotic agents. In plant tissue culture a continuous supply of carbohydrates is essential, since the photosynthetic activity of in vitro plant tissues is reduced due to low light intensity, high relative humidity and limited gas exchange (Kozai, 1991) . In general, the response of shoot cultures to different carbohydrate treatments appears to be genotype dependent to some extent (Cuenca and Vieitez, 2000) .
Sucrose has been used as a carbohydrate source in most plant tissue culture media. It is assumed that sucrose is the best carbohydrate in culture media because it is the main form of carbohydrate translocated from source to sink in most of the species (Bogunia and Przywara, 1999) . Despite the widespread and successful use of sucrose in plant tissue culture, other sugars have also been reported as carbon sources for in vitro culture of many species. It was found that different patterns of morphogenesis were attributed to the type of sugar and its concentration used in culture media. Sorbitol was found to be the prevailing sugar alcohol within the family Rosaceae and has been shown to be an effective carbon source for apple tissue in vitro (Coffin et al., 1976; Welander et al., 1989) and in pear (Kadota and Niimi, 2004) . Alkhateeb (2001) has found that in culture of date palm cv. Khanezi the shoots are capable of utilizing fructose, glucose or maltose as the sole carbon source for vegetative growth as well as for root formation. In tissue culture of Fagus sylvotica, glucose found to be the best carbon source for both axillary branching and adventitious shoot regeneration (Cuenca and Vieitez, 2000) . Plantlet conversion was achieved in embryos matured on media with 6% sucrose, and on 3 or 6% maltose, whereas mean shoot length, root length and leaf number of produced plants were not significantly affected by these maturation media (Corredoira et al., 2003) . Fructose at 3% greatly improves the proliferation of walnut (Gruselle et al., 1995) . In tomato, the effect of sugars was significantly different with maltose giving the highest number of shoots followed by glucose (ElBakry, 2002) . Whereas, in other study, Gubiš et al. (2005) found that among sugar types sucrose at 3% induced the highest number of shoots in tomato.
The purpose of this study was to develop an in vitro propagation method from vegetative meristem tips of the Elsanta strawberry. This study also included efforts to improve the proliferation of shoot and number of plants viable after acclimatization stage. Therefore, the aim of the present study was to determine the effect of different carbon sources (Glucose, Sucrose, Fructose, Mannitol, sorbitol) and concentrations on multiplication, rooting, as well as acclimatization stage of these plants shoot cultures used in this study originated from vegetative meristem tips and were cultured on Murashige and Skoog (1962) supplemented with BAP 0.2 mg l -1 and IBA 0.2 mg l -1 according to Alkhateeb (1997) . The data were subjected to analysis of variance (ANOVA) for the factorial experiment in a completely randomized design according to Gomez and Gomez (1984) . The treatment means were compared using least significant difference (L.S.D.) at 5 % level of probability using Duncan's multiple range test. All statistical analysis was performed using the facility of computer and SAS software package (SAS, 2001) .
Material and Methods

This
Results and Discussion
1-Effect of treatments on multiplication:
The Dendrobium (Nambiar et al., 2012) .
In this study, glucose was selected to be the best carbon source as the suitable for the proliferation of Elsanta strawberry when compared to the other sugar types. The lowest number and height of shoots, as well as fresh weight and dry weight of cultures, occurred on sorbitol and mannitol media, respectively . It has been reported that sorbitol functions as a major metabolite of photosynthesis in the Rosaceae family, such as appel (Karhu, 1997) and apricot (Marion et al., 1993) , used sorbitol, which strawberry belongs to. In addition, (Mehwish et al., 2009) showed the optimal carbon source for in vitro shoot proliferation to two apple rootstocks (M9, M. 26) was sorbitol at 35g l -1 , also (Masanori and Yoshiji, 2004) found that the sorbitol at 60mM was the most effective carbon source for shoot proliferation of Japanese pear. In this study, sorbitol and mannitol were not good for strawberry proliferation media over the whole concentration ranges.
Effect of treatment on rooting in vitro.
After 4 weeks on a rooting medium supplied with 10-90g l -1 of mannitol or sorbitol, the explants did not grow, and subsequently died after 2-3 weeks. Table 1 shows no significant differences between glucose, fructose, and sucrose in the rooting percent, number of roots, number of leaves, and plant height but root length was affected significantly by carbon sources, whereas the sucrose gives the roots longer (30.64 mm) than those resulting from fructose (23.20 mm).
However, there were significant differences between the concentration of these carbon sources. The best rooting response of strawberry Cv. Elsanta occurred on media contains 30, 50, and 70g l -1 carbon sources respectively, this applies to the number of roots and length of roots. Also, Table 1 shows no significant differences between the sugar concentrations in the number of leaves but plant height was affected significantly by sugar concentrations.
By increasing the concentration of sugar the plantlets become darker green, stronger, and larger than that of the low (10 gl (Kozai, 1991) .
The level of root formation was very low, and sometimes the plantlets did not produce any roots. In addition, the length of the roots was very short. This result is similar to Alkhateeb 
Effect of treatment on acclimatization of plantlets.
After 35 days from weaning the from culture, there were no significant differences in the number of leaves between the sucrose (7.16) and glucose (7.57), but glucose gave heigest number of leaves than fructose (6.83). Also, glucose sugar gives plant higher (50.57mm) than the sucrose (38.33 mm) ( Table 2) ) to almost 100%.
The survival percentage for 10g l -1 sugar concentration was 50%, and at 30g l -1 it was 85%. .
There was no effect of the concentration of sugar on the number of stolons. After 130 days of acclimatization the plants had produced 6.2-7.33 stolons. There was a significant effect from the source of sugar where that fructose (7.28) was significantly superior to sucrose (6.18). Probably, the carbon metabolism in plants diver depending on sugar source. The plants resulted from fructose medium produced the highest number of leaves, fresh weight, and dry weight. Moreover, there were significant differences at the final harvest between the concentrations and sources of sugar used (Table 3 ). The vegetative growth of the plants was enhanced by increasing the level of sugars (90, 70, and 50g l -1 ) especially the concentration 90g l -1 which was the superior to the 30 and 10 gl -1 concentration. Pogostemon cablin Berth (Romano et al., 1995) , Peach root stock (Tauquer et al., 2007) . But in the present study high frequency, maximum number and height of shoots was induced on glucose supplemented medium.
The results obtained are in line with (Hisachi and Murai, 1996) , where the beneficial effect of glucose on direct shoot formation was emphasized in Prunus mume.
Many authors have reported that various sources of carbon such as glucose, fructose, mannitol and sorbitol play an important role in tissue culture of Asparagus (Mamiya and Sakamoto 2000) , Cucumber (Lou and Sako, 1995) .
Yet, in the present study, both mannitol and sorbitol play a negative role for multiplication and growth in vitro of Elsanta strawberry. Even though carbohydrates are of prime importance for cell growth, maintenance and differentiation in vitro, the fundamental aspects of carbon utilization and metabolism in cell, and tissue cultures have to be fully understood (Vu et al., 1995) .
Conclusion
In the present study, shoot cultures of Elsanta strawberry originated from vegetative meristem tips and were cultured on Murashige and Skoog (1962) supplemented 
